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Tuesday, February 10, 2015 339aNo shift in the force-sarcomere length relationship was observed in TPM3,
TPM2, KBTBD 13, KLHL 40 and KLHL41 patients. In contrast, several pa-
tients with ACTA1 and NEB mutations showed a leftward shift of the force-
sarcomere length relationship indicating shorter thin filaments. Furthermore,
the slope of the descending limb of the force-sarcomere length relationship
in these patients is less steep than the slope of the CTRL curve, suggesting het-
erogeneity of thin filaments.
Conclusion: Our data suggest that mutations in NEB and ACTA1 result in
changes in thin filament length. Insights in the mechanisms underlying weak-
ness in patients with thin filament mutations are necessary to improve specific
treatment strategies.
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In striated muscle, the Z-band transmits force between contracting sarcomeres;
however, it is not merely a static anchor for actin filaments cross-linked by
alpha-actinin. Shimamoto observed a coordinated yielding of adjacent sarco-
meres in response to stretch, and its disruption by an alpha-actinin antibody
[1], indicating an active Z-band function and communication between adjacent
sarcomeres. We hypothesized the inter-sarcomeric communication must
involve a previously observed but poorly understood, reversible transition be-
tween two Z-band structures descriptively called small-square and basket-
weave [2], implying that alpha-actinin antibody must shift the equilibrium
between the two states. Using EM, we imaged Z-bands of chemically-
skinned relaxed rabbit soleus fibers and found that alpha-actinin antibody in-
duces complete conversion to the basketweave form of the Z-band, whereas
control fibers without antibody show the expected small square form. Since
the small-square form was previously associated with relaxed fibers and bas-
ketweave with contracted fibers [2], our results suggest that the basketweave
Z-band may store elastic energy, which can then favor or drive sarcomere
relaxation when the Z-band reverts to the small-square structure. By locking
the Z-band in the basketweave form, the antibody prevents the relaxation
and concomitant yielding of adjacent sarcomeres previously observed [1]. In
parallel mechanics experiments, we found antibody treatment did not interfere
with maximal calcium-activated isometric contraction and relaxation; however
isometric force and stretch-activation force during sub-maximal activation by
ADP were both reduced after antibody treatment. Thus, the alteration of
Z-band form by antibody only affects the muscle’s dynamic response to stretch
during partial activation.
1. Shimamoto, Y, et al. Inter-sarcomere coordination in muscle revealed
through individual sarcomere response to quick stretch. PNAS, 2009.
106(29):11954-9.
2. Goldstein, MA, et al. The Z-band lattice in skeletal muscle before, during and
after tetanic contraction. J Muscle Res, 1986. 7(6):527-36.
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At the molecular level, muscle contraction is powered by cyclic interactions be-
tween the molecular motor myosin and actin filaments. In vertebrate striated
muscle, this interaction is regulated by calcium binding to troponin and a result-
ing displacement of tropomyosin that renders binding sites on actin accessible
to myosin. Other proteins are involved in this process, but their roles are not as
well understood. One such protein is myosin binding protein-C (MyBP-C). The
cardiac isoform of this protein (cMyBP-C) has attracted recent attention
because of its role in heart disease. Despite this interest, its function is not
well understood, partly because in some assays it can have multiple effects.
In the actin motility assay, for example, cMyBP-C can have a dual, biphasic
activating/inhibitory effect.
To elucidate the function of cMyBP-C, we developed a mathematical model of
its interaction with the contractile proteins actin and myosin as well as the reg-
ulatory protein tropomyosin. This is, to our knowledge, the first mechanistic
model of cMyBP-C’s function. We used this model to fit published measure-
ments of cMyBP-C in the actin motility assay. These fits demonstrate that a
drag-activation-competition mechanism is consistent with the data, while
models lacking either drag or competition are not. These three effects can arise
simply from cMyBP-C binding to actin: cMyBP-C binding to actin both dis-
places tropomyosin (leading to activation) and also precludes concurrent
myosin binding (leading to competition). Additionally, if cMyBP-C is attachedto the flow cell surface, then binding to actin forms a transient link between the
actin filament and the surface, generating a viscous drag that further slows
motility. Future use of this model may help distinguish mechanistic effects
of cMyBP-C mutations that affect actin binding.
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We have used quantitative epifluorescence microscopy of fluorescent ATP to
measure single-nucleotide turnovers in skinned muscle fibers from mouse
models of female aging and hormone treatment. The loss of muscle strength
is an undesirable consequence of aging, often leading to frailty, disability,
and loss of independence for the elderly. Female muscle is additionally affected
by age due to reduction of ovarian hormone production with menopause. Estra-
diol (E2) is the key hormonal signal to skeletal muscle in females, and strength
loss is attenuated by E2 treatment. Single skeletal muscle fibers, isolated from
sham-operated or ovariectomized (OVX) mice with or without E2 treatment,
were incubated with mantATP. We measured decay of mantATP fluorescence
intensity in an ATP chase experiment, as pioneered by Cooke and colleagues
(Stewart et al., 2010; Cooke, 2011). These studies by Cooke unveiled a novel
regulated state of muscle myosin characterized by slow nucleotide turnover on
the order of minutes, termed the super-relaxed state (SRX). We detected a slow
phase of nucleotide turnover in approximately one-third of sham-operated
myosin heads, consistent with SRX. Turnover was substantially faster in
OVX fibers. Strikingly, the chronic lack of E2 in OVX fibers did not alter
the fraction of heads with slow turnover but rather decreased the turnover
time, suggesting disordering of SRX. E2 treatment in OVX mice partially
reversed this effect on SRX, while acute E2 treatment in the muscle bath had
no effect. All experiments were conducted with uniformly low myosin light
chain phosphorylation. We conclude that E2-mediated signaling regulates
slow ATP turnover and ordering of heads, probably via pathways distinct
from myosin phosphorylation status. Age- and hormone-related muscle func-
tional losses may be targetable at the level of thick filament structure for stra-
tegies to offset weakness and metabolic changes that occur with age.
Platform: Intracellular Channels and Calcium
Sparks and Waves
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Ryanodine receptors (RyRs) are large intracellular calcium-release channels
of the endo/sarcoplasmic reticulum that play a critical role in mediating
excitation-contraction coupling. Mutations within the skeletal muscle isoform
(RyR1) are associated with the pharmacogenetic disorder known as Malignant
Hyperthermia (MH) as well as congenital myopathies. Concurrently, mutations
within the cardiac (RyR2) isoform have been linked to life-threatening arrhyth-
mias, such as catecholaminergic polymorphic ventricular tachycardia (CPVT),
a potential precursor of sudden cardiac death. While recent high-resolution
structures have provided some mechanistic insights as to how mutations may
impact receptor function, this subject requires more work. The RyR1 amino-
terminal region contains an elaborate ionic interaction network embedded be-
tween its three domains which is key to the protein’s stability. Despite all the
ionic interaction partners being conserved within RyR2, the replacement of
two histidine residues with Tyr125 and Arg420 within RyR2 is enough to
abolish the ionic network and introduce a unique central anion binding site
within RyR2. Here, we present structural insights into the nature of the
RyR2 anion binding site. A 2.6A˚ crystal structure has been solved of the
amino-terminal RyR2 region (residues 1-547) into which two histidines,
Y125H and R420H, were introduced which abolished chloride binding but
which failed to restore the ionic network of its counterpart in RyR1. The
amino-terminal intrasubunit domain-domain interfaces of both RyR1 and
RyR2 are each targeted by over twenty disease-associated mutations. Here,
we provide the biochemical and structural characterization of a novel MH
RyR1 mutation, H113Q, and a potential CPVT-causing mutant, RyR2
R420W, both of which reside at a domain-domain interface.
